Introduction
Patients with acromegaly due to a growth hormone (GH) secreting pituitary adenoma suffer from physical changes and a lower life expectancy [1] . The primary goal of treatment is a reduction of GH production and normalization of insulin-like growth factor 1 (IGF-1) levels. Elevated IGF-1 level elevations coincide with a reduced quality of life due to persistent acromegaly and a considerably increased mortality [1] . There is evidence, that long-term results of the neurosurgery can be positively influenced by pretreatment with somatostatin analogs (SSA) [2] . In about 60 % of the patients neurosurgical resection of the tumor normalizes excessive GH secretion and the serum level of insulin-like growth factor-1 (IGF-1) [1, 3] . Routine use of preoperative medical treatment is not recommended, but therapy with SSA can reduce surgical risks from comorbidities [4] .
ABSTr Ac T
Objective Therapeutic options for persistent acromegaly after surgery include another surgical approach, radiotherapy, medical therapy or a combination of these procedures. We describe a patient with persistent acromegaly despite heavy pre-treatment who was in need of a simplified mode of effective therapy.
Methods In a 45-year old patient after transsphenoidal pituitary surgery followed by linear accelerator irradiation of the residual tumor two years later acromegaly could not be controlled by a tolerable dosage of intramuscular octreotide LAR. For professional reasons the patient requested a simplified mode of treatment.
Results In order to improve efficacy and treatment convenience, we combined subcutaneous injections of lanreotide up to 120 mg monthly performed by the patient's spouse and of pegvisomant 80 mg weekly conducted by the patient himself. This therapy was well tolerated and satisfactory endocrine control was achieved. Magnetic resonance imaging did not show any remaining tumor within a year. 5 years following surgery and 3 years following irradiation pegvisomant could be stopped and levels of insulin growth factor 1 and growth hormone remained in the normal range. The interval of lanreotide given subcutaneously by the patient's spouse could be extended stepwise and somatostatin analog treatment was terminated after 7.5 years when the patient was cured.
Conclusions Excessive growth hormone secretion persisting after pituitary surgery and irradiation can be controlled in a convenient way for the patient with acromegaly by combining monthly lanreotide and weekly pegvisomant injections, if monotherapy with a somatostatin analog fails.
Therapeutic options for persistent acromegaly after the surgery include another surgical approach, radiotherapy, medical therapy (SSA, PEGV, dopamine agonists) or a combination of these procedures. However, in 65-83 % of patients persistent IGF-1 normalization cannot be achieved by SSA monotherapy [4] . In these cases, combination therapy with daily PEGV injections can be applied to improve treatment outcome [1, 3, 5, 6] resulting in a normalization of the IGF-1 level, decreased symptoms of acromegaly, as well as an improved quality of life [7] [8] [9] . However, combination therapy with PEGV is not only expensive, but moreover requires the patients' compliance and ability to perform daily subcutaneous injections according to the approved dosing schedule.
This case report presents a patient with persistent acromegaly after transsphenoidal surgery and linear accelerator irradiation (LINAC) of a residual tumor who was in need of a simplified mode of combination therapy. Since for professional reasons the patient could not see a physician every month, his spouse was trained to give subcutaneous injections of the SSA lanreotide.
Case Report

Description of the patient
In 2009, the 45-year-old, caucasian male presented with a continuous growth of his hands and feet starting about 20 years ago. In addition, extreme snoring, an increase of weight from 106 to 120 kg in about 5 years, a carpal tunnel syndrome of the left hand, diabetes mellitus type 2 (HbA1c 6.1 % [43 mmol/mol]), arterial hypertension, colon polyps and a hypertrophic pharynx uvula causing a reinforced gagging reflex were observed. Visual fields were normal.
Initial diagnostics
In May 2009 cerebral magnetic resonance imaging (MRI) revealed a 22 mm pituitary tumor invading the right cavernous sinus. Laboratory results showed elevated serum levels of IGF-1 up to 1,085 ng/ mL (upper normal value 246 ng/mL, CLIA Immulite 2000® Siemens), IGF-BP3 12.5 µg/mL (normal up to 6.7 µg/L, CLIA IDS-iSYS®) and GH (20.5 µg/L, CLIA Liason® DiaSorin). Total and SHBG corrected plasma and SHBG-corrected testosterone was slightly decreased but thyreotropic and adrenocorticotropic pituitary functions were found to be normal.
Therapeutic interventions and results
The results of various therapeutic approaches from 2009 to 2017 on IGF-1 levels are shown in ▶Fig. 1. Therapy with octreotide LAR 20 mg/4 weeks i.m. was started in advance of the pituitary surgery that was performed in February 2010. Following transsphenoidal endoscopic resection of the tumor, acromegaly persisted so that treatment with octreotide LAR was continued, but without normalizing the IGF-1 values. Residues of the tumor located in the syphon of the right carotid artery could be demonstrated by MRI in June 2010. A trial of increasing the dosage of octreotide LAR was not tolerated by the patient due to persistent diarrhea. 0,5 mg of cabergoline caused nausea, dizziness and hallucinations so that the patient refused to continue this kind of therapy. Finally, a monthly injection of octreotide LAR 20 mg was combined with daily application of PEGV (Somavert ® ) 10 mg starting in September 2010, resulting in a normalization of IGF-1 levels. Since PEGV therapy interferes with the measurement of STH, the required dose of SSA and PEGV was adjusted on the basis of IGF1-levels exclusively.
However, for professional reasons the patient requested a simplification of the mode of therapy. Therefore, in November 2010, octreotide was replaced by lanreotide (Somatuline Autogel ® ) 90 mg/4 weeks and the patient's spouse was trained to give subcutaneous injections. 3 months later, in January 2011, the daily s.c. injection of 10 mg PEGV administration was replaced by a modified dosing schedule of 80 mg PEGV once weekly to further simplify the therapy. Under these treatment modifications IGF-1 levels were within or slightly above the upper limit of the normal range. To treat the residual adenoma the patient underwent LINAC radiosurgery in December 2011 (linear accelerator, focal dosage of 176 Gy). As IGF-1 levels value remained at or above the upper limit of normal, the lanreotide dose had to be increased to 120 mg/4 weeks in November 2011 while weekly PEGV administration was maintained (▶ Fig. 1) .
By this mode of combination therapy biochemical control of acromegaly was achieved as well as an improvement of many of the patient's symptoms. MRI of the pituitary region 1, 2 and 3 ½ years following the irradiation therapy did not show further residual pituitary tumor growth (▶Fig. 2).
The patient was very satisfied with the simplified therapeutic regime performed by himself with the aid of his spouse as for professional reasons he could not see a physician at frequent intervals and was not willing to receive daily injections. No adverse or unexpected events occurred under this mode of treatment. In 2014 the interval between lanreotide injections could be extended to 6 weeks and in March 2015, 3 years and 3 months following irradiation therapy, PEGV treatment could be discontinued. 6 months later, in October 2015, IGF-1 (214 ng/mL) and GH (0.48 µg/L) levels continue to be normal. In June 2016 the interval of lanreotide injections was extended to 8 weeks and in December 2016 lanreo- tide treatment was discontinued. The patient's follow-up showed normal levels of IGF-1 (215 and 235 ng/mL) and GH (0.27 µg/L and 0.37 µg/L) 3 and 6 months later. During the treatment period thyreotropic, adrenocorticotropic and gonadotropic pituitary function was controlled every six months. Initially testosterone was replaced by injections of testosterone undecanoate (1000 mg q 3 months), which in 2015 was replace by testogel® 50 mg daily. As gonadotropic function normalized testosterone replacement could be discontinued in December 2016. All other pituitary functions stayed at normal throughout the observation period.
Discussion
In contrast to octreotide LAR which has to be injected intramuscularly lanreotide can be injected subcutaneously, so that injections can be performed by trained laymen without professional help [10] [11] [12] . The efficacy of long therapeutic intervals was shown in trials with lanreotide autogel [13, 14] and it is well known that a shift from octreotide to lanreotide has a similar effectiveness and tolerability [13] . The combination of SSA and PEGV is a useful and safe option when monotherapy is insufficient. It is effective in 97 % of the patients [15, 16] . A 28-week trial combining lanreotide and PEGV therapy in acromegalic patients resulted in the normalization of the IGF-1 value and in clinical improvements in 57.9 % of the patients that had been insufficiently controlled by SSA or PEGV monotherapy [7, 17] . Weekly administration of PEGV is effective in controlling serum IGF-1 levels in acromegaly and the regimen of weekly dosing is preferred by many patients [18, 19] .
In patients with diabetes mellitus efficacy of combining SSA and PEGV therapy seems to be slightly decreased [7] . Hepatic enzymes should be monitored regularly in all patients treated with PEGV [9] . In our patient the HbA1c level normalized and transaminases were within normal ranges irrespective of the therapeutic regimen used.
Conclusion
This case shows that in patients with acromegaly excessive GH secretion persisting following pituitary surgery and irradiation can be controlled by a combination therapy of monthly lanreotide and weekly PEGV injections, if monotherapy with SSA fails. This mode a b ▶Fig. 2 MR imaging of the pituitary region a at diagnosis and b 3 years following transsphenoidal surgery, 1 year following LINAC irradiation MR: magnetic resonance, LINAC: linear accelerator. of treatment can be performed by lay people or the patient himself without professional help. A period of several years can be bridged satisfactorily until radiation therapy has the desired effect. After 1 year of radiation therapy no residual tumor growth was detectable by MRI. However, a biochemical cure was only achieved after 5 years. During this treatment period, PEGV was discontinued after 3 years while lanreotide was phased out and finally discontinued 5 years after LINAC therapy. No side effects of radiation therapy were observed at the last visit, although hypopituitarism may still occur after longer follow-up. Currently the patient is in complete remission.
